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Summary 
 
The present deliverable reports the short-term visits of the CUT personnel to Germany and 
Italy hosted by DLR and CNR, for training on remote sensing technologies, data and sensors 
as well as active and passive remote sensing (including geophysics) for archaeology. In 
collaboration with the project partners, selected members of the ATHENA team from Cyprus 
visited different facilities and had the opportunity to train, discuss and implement novel remote 
sensing technologies. 
The main goal of these activities was to further build on the synergies of the ATHENA network. 
With the involvement of high performance partners (CNR and DLR), the network will encourage 
the development and exchange of knowledge, technology and innovation in the domain of the 
cultural heritage.  
A great effort has been made by all partners to maximize the role and capabilities as well as  
increase the strategic collaborations in the region of the ATHENA Centre, thereby providing 
access to their links and making use of the available networks. 
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1. Introduction 
 
During this task, short term visits took place where CUT personnel visited DLR’s facilities to 
receive training on remote sensing technologies, data and sensors used by DLR and trained 
under the auspices of CNR in Pompeii and active and passive remote sensing (including 
geophysics) for archaeology operated by CNR. In detail three short term visits were carried 
out though the lifetime of the project as follow: 
 
• 09-13 of May 2016 at CNR 
• 20-23 of March 2018 at DLR 
• 20-21 of November 2018 at DLR 
  
For each of these visits the agenda, the material as well as photographs taken during these 
visits are provided below in chronological order. 
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2. 1st Short term visit (CNR) 
Selected staff from the ATHENA partners in Cyprus attended the International School 
“Geophysics and Remote Sensing for Archaeology” which took place in Pompeii, Italy during 
9-13 May, 2016. The visit was organized by CNR and consisted of training on data collection, 
processing and interpreting geophysical techniques (such as GPR, 3D laser scanning, 
magnetic and ERT) as well as passive and active remote sensing. A short video of the visit 
and the training can be found at https://youtu.be/l8D00wC_QVQ. 
 
2.1   Agenda 
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2.2 Material of the short-term visit to CNR 
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Presentations from the material can be found in the Annex of the Deliverable. Tutorials 
related to the application of various remote sensing technologies can be found in Appendix 1: 
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2.3  Photos during the  visit 
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Photos taken during the training at the Pompeii archaeological site. 
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3. 2nd Short term visit (DLR) 
Selected staff from the ATHENA partners in Cyprus visited the DLR premises in 
Oberpfafflenhofen, Germany during 20-23 March, 2018 in order to receive training on airborne 
imaging, SAR, space borne radar imaging, subsidence mapping and disaster identification.  
 
3.1. Agenda of the 2nd  short term visit 
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3.2. Material of the 2nd  short term visit to DLR 
 
3.2.1. Guided tour to the historic centre of Munich 
 
  
 
    
 
 
3.2.2. Ludwig-Maximilians-Universität München (LUM) & Bavarian State 
Dept. of Monuments & Sites (Munich)  
 
On 21 March 2018 Prof. Diofantos G. Hadjimitsis with Dr Kyriacos Themistocleous and Mr 
Andreas Christofe (ATHENA, Cyprus University of Technology) with Gunter Schreier from DLR 
had the opportunity to meet with Prof. Jörg W. E. Fabbinder from the Department of Earth and 
Environmental Sciences which is located at the Ludwig-Maximilians-University in Munich, 
Germany and the Bavarian State Dept. of Monuments & Sites (Munich).  The Archaeological 
Prospection Group Munich at the Bavarian State Department for Monuments and Sites (BLFD) 
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has been responsible for non-destructive geophysical survey methods for archaeology in 
Bavaria since 1982. Prof. Fabbinder conducted a presentation and provided short visits to the 
laboratoriess and premises of the Bavarian State Dept. of Monuments & Sites (Munich), during 
which he explained the various remote sensing techniques that have been used to manage 
the Bavarian cultural heritage. Prof. Fabbinder presented the topics of Archaeological 
Geophysics, Soil Magnetism and Magnetometer Prospection, for possible collaboration 
through the ATHENA Center in Cyprus.  
       
   
 
 
3.2.3. Leonhard Obermeyer Center / Department of Civil, Geo and 
Environmental Engineering of the Technical University of Munich 
 
The Leonhard Obermeyer Center focuses on intense cross-disciplinary collaboration between 
the participating chairs in research and teaching, with particular emphasis on all aspects of 
model and methods integration from CAD, BIM, GIS as well as on methods for the automated 
generation and validation of digital models. The members are actively involved in the 
development of international standards in the fields of BIM (e.g. IFC) and virtual 3D city models 
(e.g. CityGML, Web 3D Service, IndoorGML) in the buildingSMART Alliance and the Open 
Geospatial Consortium.  
The Center also provides a platform for close collaboration with international stakeholders of 
the Architecture, Engineering and Construction (AEC) and GIS industry. Prof. Dr.-Ing. Uwe 
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Stilla presented the structure and activities of the Department of Civil, Geo and Environmental 
Engineering, which includes the Photogrammetry and Remote Sensing Labs. Additional visits 
were also made to the BIM, Cartography and Remote sensing labs.  
The ATHENA team had the opportunity to visit the Department of Civil, Geo and Environmental 
Engineering of the Technical University of Munich (TUM), which is responsible for teaching 
and research in the field of civil and environmental engineering, surveying and geology at the 
TUM. It includes 40 departments and professorships,  17 study programmes and several 
research and development institutions such as testing centers, external institutes and 
laboratories.  
 
   
   
 
3.2.4. DLR, Oberpfaffenhofen 
On the 22 March, 2018, the ATHENA team visited the Earth Observation Data Centre Department of 
DLR in Munich, Germany. The ATHENA team discussed the upcoming video production for the 
ATHENA deliverable by DLR with Nils Sparwasser and Peter Folie. 
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In addition, several presentations took place. Simon Plank presented the ZKI center for crisis 
information, International Charter Space & Disasters, Veronika Gstaiger presented the VABENE, 
airborne imaging, traffic and security and Ramon Bercic gave a short presentation for SAR: space 
borne radar imaging as well subsidence mapping.  
 
 
The DLR team provided the ATHENA team with a tour of the DLR premises and provided a 
presentation on how DLR operates. During the tour, Mr. Kondak provided an analytical presentation 
in the Robotics laboratories to the ATHENA team. This was followed by a presentation by the German 
Space Operations Center [GSOC] which it is responsible for operating spacecraft for more than 35 
years and it is playing a key role in countless manned and unmanned missions as the Galileo control 
center for the European GNSS. 
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Visit to the Galileo Control Center at DLR             
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During the visit to DLR , the ATHENA team  had an analytical guided tour in the Robotics 
laboratories by Mr. Kondak. 
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The tour ended in the GSOC Columbus mission control, exhibitions. 
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3.2.5 ESA Business Incubation Centre  
 
The ATHENA team had also visited the headquarters in Oberpfaffenhofen and met with 
Thorsten Rudolph, Stefanie Hermann and Daniela Dobreva-Nielsen. Mr Rudolph, who is the 
CEO of the Anwendungszentrum GmbH Oberpfaffenhofen, presented the activities of the ESA 
BIC. The scientific expertise and development network of ESA BIC Bavaria's partners are 
complementing local start-ups' technical development and promote both the commercialisation 
and the usage of aerospace technologies in other growth areas. 
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4. 3rd  Short term visit (DLR) 
 
Selected staff from the ATHENA partners in Cyprus visited the DLR premises in Munich and 
Oberpfafflenhofen, Germany during 20-21 November, 2018 in order to receive training on 
remote sensing technologies, data and sensors used by DLR.  
4.1  Agenda of the 3rd  short term visit 
 
  D4.9 - Report from short term visits                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     33 
4.2 Material of the 3rd  short term visit to DLR 
 
Selected members of the ATHENA team visited DLR premises under the auspices of the 
ATHENA project. Mr. Andreas Christofe, Dr Kyriacos Themistocleous and Ass. Prof. Chris 
Danezis visited sensors and laboratories and the European Space Imaging (EUSI) ground 
station at DLR facilities in Munich, Germany. Dr. Maxwell provided a general Introduction 
presentation to DLR sensors to the ATHENA team. Following, Dominik Rosenbaum discussed 
the capabilities of the 3K/4K-camera. The DLR Airborne Remote Sensing team Claas Köhler, 
Stefan Plattner & Jürgen Wörishofer conducted a presentation to the ATHENA team regarding 
the HySpex camera and UAVs. As well, Andreas Baumgartner discussed the importance of 
the Calibration Home Base at DLR facilities. Finally, Christian Röske provided a tour to the 
ATHENA team to the Spectroscopy lab. The ATHENA team also visited the European Space 
Imaging (EUSI) receiving station at DLR premises. 
 
 
Mr Andreas Christofe, Dr Kyriacos Themistocleous and Ass. Prof. Chris Danezis from CUT 
at DLR premises on the 3rd short staff visit of the ATHENA project. 
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ATHENA team had a general Introduction presentation to DLR sensors by Maxwell 
 
  
Dominik Rosenbaum present 3K/4K-camera to the ATHENA team 
  
DLR Airborne Remote Sensing team Claas Köhler, Stefan Plattner & Jürgen Wörishofer 
presented HySpex camera and UAVs.   
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Andreas Baumgartner explained to the ATHENA team the importance of the Calibration 
Home Base at DLR facilities. 
         
 
 
  
Christian Röske introduced the ATHENA team to the Spectroscopy lab 
 
 
ATHENA team at the European Space Imaging (EUSI) receiving station at DLR premises 
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ATHENA team visited the GAF AG and the European Space Imaging (EUSI) in Munich 
On 21 November, 2018, the ATHENA team visited the GAF AG and the European Space 
Imaging (EUSI) in Munich. Mr Samuel Barisch, the technical manager of Earth Observation & 
image Processing of GAF AG gave an overall presentation of the company to the ATHENA 
team. GAF, which is a part of the Telespazio Space Service Grouping, has developed into a 
European leader with outstanding skills in the geo-information industry.   
 
                          
 
 
Mr Samuel Barisch (GAF AG) discussing with Dr Kyriacos Themistocleous and Ass. Prof. 
Chris Danezis (CUT) at GAF AG premises. 
 
 
ATHENA team with Mr. Samuel Barisch, the technical manager of Earth Observation & 
image Processing of GAF AG 
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Dr Kyriacos Themistocleous at European Space Imaging (EUSI) office in Munich. 
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ANNEX 
 
 
 
 
 
 
 
 
 
 
Annex 1. Training at Pompeii 
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Annex 2. Presentation from DLR visit 
 
 
 
 
 
Institut für Hochfrequenztechnik und Radarsysteme
Abteilung SAR Technologie – Fachgruppe Flugzeug-SAR
Folie 1
F-SAR – The DLR Experimental Airborne Synthetic Aperture Radar
Ralf Horn, Marc Jaeger, Martin Keller, Markus Limbach, 
Anton Nottensteiner, Matteo Pardini, Andreas Reigber, Rolf Scheiber
German Aerospace Center (DLR e.V.), Microwaves and Radar Institute, Germany
Institut für Hochfrequenztechnik und Radarsysteme
Abteilung SAR Technologie – Fachgruppe Flugzeug-SAR
Folie 2
Airborne SAR at DLR
Airborne SAR is employed by DLR:
 to study signal processing problems
 to experiment with innovative modes
 to develop and test components and hardware
It is further used:
 to investigate the information content of the imagery
 to measure physical parameters of targets and target areas
 to develop applications
Airborne SAR is especially needed:
 to support spaceborne SAR missions (TanDEM-L, BIOMASS, Sentinel, 
others)
• Mission definition, Phase A and B studies
• Cross calibration
Institut für Hochfrequenztechnik und Radarsysteme
Abteilung SAR Technologie – Fachgruppe Flugzeug-SAR
Folie 3
F-SAR System Functional Modes
Radar system characteristics
 Calibrated multi-channel operation
• Up to five frequency bands: P, L, S, C and X
• Wavelengths: 69cm, 23cm, 10cm, 5.6cm, 3.1cm
• Single-Pass Interferometry: X (XTI / ATI) and S (XTI)
• Repeat-Pass Interferometry: P and L
• Polarisations: full polarimetric
• Swath width: 1 to 6 km (varies with altitude over ground)
 Modular design
• Base module: System control and data acquisition
• X-C-S-L-Band: Three combined segments
• L-Band: Single segment
• L-P-Band: Two combined segments
• others (e.g. Ku): Single segment, alternatively to L- Band
Institut für Hochfrequenztechnik und Radarsysteme
Abteilung SAR Technologie – Fachgruppe Flugzeug-SAR
Folie 4
Airborne Platform for F-SAR
DLR DO 228-212
Platform for short range operations!
Ceiling: 6.3km (a.s.l.)
Altitude range: 0.6 – 6km
Endurance (rel. payload): 2h – 5h
Swath width: up to 6 km
Institut für Hochfrequenztechnik und Radarsysteme
Abteilung SAR Technologie – Fachgruppe Flugzeug-SAR
Folie 5
F-SAR System installed on board DO228-212
Cabin-Layout
Base segment
System control & data acquisition
C-S-band segment X-band segment L-band segmentP-band segment
Institut für Hochfrequenztechnik und Radarsysteme
Abteilung SAR Technologie – Fachgruppe Flugzeug-SAR
Folie 6
F-SAR Antennas
F-SAR Antenna Carrier
Real model with all antennas mounted! F-SAR X-band antenna - Flight model
Inside (top) and outside view (bottom)
Institut für Hochfrequenztechnik und Radarsysteme
Abteilung SAR Technologie – Fachgruppe Flugzeug-SAR
Folie 7
F-SAR Antennas
The new P-Band antenna (2015):
Frequency range: 410 – 460MHz
Dual polarisation!
Gain: 13dB
Cavity design: 5 x 5 elements
Institut für Hochfrequenztechnik und Radarsysteme
Abteilung SAR Technologie – Fachgruppe Flugzeug-SAR
Folie 8
Precision Navigation and Positioning – IGI CCNS4/AeroCtrl
GNSS-Antenna (L1, L2, L-band)
Precision navigation
Institut für Hochfrequenztechnik und Radarsysteme
Abteilung SAR Technologie – Fachgruppe Flugzeug-SAR
F-SAR processing environment 
DLR.de  •  Chart 9
The F-SAR ground segment consists of:
• a data ingestion subsystem 
• a processing cluster
• a large storage system
• a connection to the DLR DIMS (data archive).
It is configured to handle large data amounts at 
high throughput.
Test environment at DLR: CTR – The Compact Test Range
Dual Reflector Compact Test Range
24m x 11.7m x 9.7m shielded anechoic chamber for measuring
Plane wave zone: up to 3.8m
6 axis positioner, handling up to 300 kg
 antenna radiation patterns (200 MHz) 1 GHz – 100 GHz
 Radar Cross Section (RCS) of targets (C-, X-, Ku-, Ka-band, others upon request)
10
> WFMN 15 > Validated Reference Values for the Gain Transfer Method > 11.02.2015
11
HH-VV 2D/3D Antenna patterns
Azimuth
Roll
Acquisition Geometry:
Roll over Azimuth
Frequency swept over
common WG bands
Coordinate System
> WFMN 15 > Validated Reference Values for the Gain Transfer Method > 11.02.2015
Test objects: DLR airborne SAR L-/S-/C-/X-band antennas
• L-band polarimetric in 4 elevation beams 
acquisition of 4 spheres (11 hours each)
• S-band polarimetric cross-track interferometer 
acquisition of 2 spheres (21 hours each)
• C-band polarimetric                                  
acquisition of 1 hemisphere (23 hours)
• X-band polarimetric cross- and along-track 
interferometer                                          
acquisition of 3 hemispheres (23 hours each)
Institut für Hochfrequenztechnik und Radarsysteme
Abteilung SAR Technologie – Fachgruppe Flugzeug-SAR
Folie 12
Kaufbeuren, Germany
X-band, 384 MHz bandwidth
Institut für Hochfrequenztechnik und Radarsysteme
Abteilung SAR Technologie – Fachgruppe Flugzeug-SAR
Folie 13
Kaufbeuren, Germany
C-band, 384 MHz bandwidth
Institut für Hochfrequenztechnik und Radarsysteme
Abteilung SAR Technologie – Fachgruppe Flugzeug-SAR
Folie 14
Kaufbeuren, Germany
S-band, 300 MHz bandwidth
Institut für Hochfrequenztechnik und Radarsysteme
Abteilung SAR Technologie – Fachgruppe Flugzeug-SAR
Folie 15
Kaufbeuren, Germany
L-band, 150 MHz bandwidth
Institut für Hochfrequenztechnik und Radarsysteme
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1500m 
2060m
Eruption of the Bárdarbunga Volcano 
February 2015, Iceland
TanDEM-X DEMs (2012)
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1500m 
2060m
Eruption of the Bárdarbunga Volcano 
February 2015, Iceland
F-SAR DEMs (rec. on June 3, 2015)
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Eruption of the Bárdarbunga Volcano 
February 2015, Iceland
Topography difference to estimate 
the volume of consolidated lava
-30m 30m
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Change mask
   ℎ     ≥ 99%
Parking lot
Center stage
Change maskMay 14, 2014 June 6, 2014
Change detection X-Band: Nuerburgring ‘Rock am Ring’  
Institut für Hochfrequenztechnik und Radarsysteme
Abteilung SAR Technologie – Fachgruppe Flugzeug-SAR
Slide 20
SAR Tomography: 3D Imaging
• Innovative 3D-imaging Method  
• Potential applications: 
• Vegetation structure, biomass estimation
• Urban modelling
• Archaeology
y
z
x
N parallel tracks
(ca. 5-20)
n
r
L
Hn
Institut für Hochfrequenztechnik und Radarsysteme
Abteilung SAR Technologie – Fachgruppe Flugzeug-SAR
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Circular SAR Imaging
360°
illumination
r ≈ 6km
Antenna footprint
x
y
z
• Extremely high resolution (up to λ/4, i.e. 
6cm in L-band)
• Potential for 3D imaging
• Possibility of continuous monitoring 
Circular SAR
Stripmap SAR
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ICESAT
CryoSAT-2
TanDEM-X
GRACE
Tandem-L
Tandem-L will provide
unique information:
• glacier flow in 3-D 
• 3-D ice structure and its dynamics
• DEMs mit high spatial
and temporal resolution
• thaw and freeze cycles
• sea ice classification
 ideal complement to existing
or planned cryosphere missions
15 km ground track
distance (equator)
15 km x 250 m
spatial resolution
> 200 km
spatial resolution
1 year for single
global coverage
7 m resolution
weekly coverage
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• 11 test sites in Greenland
• Investigation of several new methods to 
estimate snow and ice parameters
• Investigation of the highly variant  
penetration depths in snow and ice at 
different wavelengths 
• Demonstration of multi-spectral SAR 
imaging
• Preparation for Tandem-L
F-SAR Campaign ARCTIC (April - May 2015)
Campaign test sites
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ARCTIC15 - K-Transect - Percolation zone
Schematic drawing
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Google Earth
X-Band
C-Band
L-Band
ARCTIC15 - K-Transect - Percolation zone (Russel Glacier)
Fully polarimetric images; Pauli decomposition R,G,B = HH-VV, HV, HH+VV.
P-Band (non-simultaneous)
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K-Transect: tomograms at multiple frequencies and pol. channels
 Capon Profil s  20m x 20m multilook cell
P-band
L-band
C-band
X-band
0 1Norm. intensity
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AfriSAR Campaign 2016
Facts:
 Preparation for the BIOMASS Satellite SAR mission
 Preparation for Tandem-L
 Development of algorithms for Tandem-L & BIOMASS
 Several test sites in Gabon (tropical forest)
 Cooperation with ESA, ONERA, NASA/JPL, AGEOS
 Extensive ground work 
Schedule:
 Dry season: SETHI (ONERA) operates in July 2015
 Wet season: F-SAR (DLR) operates in February 2016
 Overflights by UAVSAR & LVIS (NASA) in Feb 2016
Results:
 SAR data sets in L- & P-Band quadpol.
 Backscatter maps, PolInSAR, Tomography
 Estimation of forest structure & tree heights
 Quality assessment of algorithms
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F-SAR Campaign AfriSAR (Gabon, February 2016)
Lopé
Mabounie
RabiMondah
Nkok Pongara
DLR.de  •  Chart 28
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L-band – HH+VV HV HH-VV
Test  site: Lopé National Park
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Lopé: Comparison P-band vs L-band of TomoSAR profiles (HH)
230m
340m
L-band
Wavelength: ~23cm
0m 40m
F-SAR horizontal 
baselines :
Slant range ~1Km
230m
340m
P-band
Wavelength: ~ 70cm
60m 80m 120m
L-band
P-band
Baseline aperture needed
for 15m TomoSAR vertical 
resolution :
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AfriSAR Campaign 2016 - Media Day at LBV Airport
